LATERAL TRANSISTOR HAVING GRADED BASE REGION 
SEMICONDUCTOR INTEGRATED CIRCUIT AND FABRICATION 
METHOD THEREOF 
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1 Field of the Invention 
The present invention relates to a semiconductor integrated cvrcmt. 
more particularly to a structure of a lateral transistor suitable tor 
implementing a high:dansig^monoUthic integration on a semiconductor 
substrate 



2 Description of the Belated Art 
H 15 A structure merging a power transistor and its control circmt on 

2 the same semiconductor chip so as to form a semiconductor integrated 

circuit is known. In such a power IC, sometimes the power transis or .s 
made by a vertical npn transistor and the control circuit by lateral pnp 
transistors, the lateral pnp transistor operating with relatively lower 
fU 20 power than the vertical npn transistor. An esample of the structure of 
S5 the earlier lateral pnp transistor employed in ---7^"'='° 

integrated circuits (power ICs) is shown in Figs.lA and IB. That is the 
earlier lateral pnp transistor embraces a semiconductor substrate 1 an 
n-type first buried region 22 formed on the semiconductor substrate 1 an 
25 n-type first base region 33 formed over the entire surface of the 
semiconductor substrate 1, an n-type first plug region 4 so formed that 
the bottom of the first plug region 4 reaches to the first buried region 22 
a p-type first emitter region 6 and a p-type first collector region 7 formed 
in and at the surface of the first base region 33. and an n-type first base 
30 contact region 9 formed in and at the surface of the first plug re^on^ 
The lateral pnp transistor constructed in this manner encompasses 
further a field insulating film 86 on the top surface. And. a first emitter 
wiring 11. a connecting wiring 12. and a first base wiring 14 contac 
through contact holes in the field insulating film 86 with the firs 
emitter region 6. the first collector region 7 and the first base contact 
region 9. The connecting wiring 12 serves as a first collector wiring and 
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is connected to the base electrode of the vertical npn transistor having a 
high maximum operating voltage, though the illustration of the vertical 
npn transistor is omitted in Figs.lA and IB. 

5 SUMMARY OF THE INVENTION 

In the earlier semiconductor integrated circuit above mentioned, it 
is convenient for the fabrication process to construct the first base region 
33 of the lateral pnp transistor and the drift region (collector region) of 
the high voltage vertical npn transistor with the same epitaxial layer 
10 having the same thickness and the same impurity concentration. 



Because the vertical npn transistor composed of a second emitter region, 

H- a second base region and a second collector region is disposed at the back 

12 of the plane of the cross section in Fig.lA, the illustration of the vertical 

M npn transistor is omitted. In this case, the impurity concentration of 

■| 15 the first base region 33 of the lateral pnp transistor and of the drift 

,!p region of the vertical npn transistor must be set to a relatively low value, 

'0 since the vertical npn transistor is required to operate with a higher 

j!^ maximum operating voltage. Therefore, it is necessary to make a base 

□ width Wb of the lateral pnp transistor larger relatively in order to 
20 suppress the occurrence of "the depletion-layer punch-through" between 

□ the emitter and collector regions so as to maintain the higher breakdown 



voltage between the emitter and collector electrodes of the lateral pnp 
transistor. 

However, when the base width Wb is increased in the lateral pnp 
25 transistor, the current gain decreases so as to degrade the electrical 
performances. Further, the occupied space of the lateral pnp transistor 
increases and results in undesirable lowering of the on-chip integration 
degree of the semiconductor elements 

30 In view of these situations, it is an object of the present invention 

to provide a lateral transistor, a semiconductor integrated circuit and a 
fabrication method thereof, capable of obtaining a required high^ 
breakdown voltage between the first and second main electrodes by 
decreasing the ba se wi dth Wb. "The first main electrode region" is one 

35 of the emitter and collector regions of the bipolar transistor (BJT), if the 
lateral transistor is the lateral BJT. "The second main electrode region" 
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is the other of the emitter and collector regions, it the lateral trans.stor 
is the lateral BJT. For example, if the first main electrode region >s the 
emitter region, the second main electrode region is the collector region^ 
Between the first and second main electrode regions, « ™* 
5 controlled by the base region flows so as to form a current path between 
the first and second main electrode regions. 

Another object of the present invention is to provide a lateral 
transistor, a semiconductor integrated circuit and - '^^°^J^ 
fabricating thereof, capable of decreasing the occupied area of the lateral 
10 transistor to increase the on-chip integration degree. 

A further different object of the present invention is to provide a 
lateral transistor, a semiconductor integrated circuit and a method of 
fabricating thereof, capable of improving a current gam of the integrated 
lateral transistor. « 

A further different object of the present invention is to provide a 
lateral transistor, a semiconductor integrated circuit and a jthod » 
fabricating thereof, capable of forming a M 
transistor by a simple process compared with the ear her fabricatmg 
method of the lateral transistor or the semiconductor integrated circuit 
20 and thus realizing a considerable cost down. 

To achieve the above-mentioned objects, a first feature of the 
nresent invention Ues in a lat^aljransistor encompassing, (aj 
Semiconductor substrate rftl.fest_conductivity^peUb) a buried re^^^^^^^ 
25 of thTiSHSSa^^SI^tivity type disposed on the semiconductor substra^. 
(c) a uniform-base region of the second conductivity type disposed on the 
first ruri;rVegionr(d) a-5iu?-ieiioi of the second conductivity type 
disposed in the uiiform base regibn. the plug region protrudes from a top 
surface of the uniform' bise region so as to reach to the buried region, (e 
30 first and second main electrode regions of the first conductm^ ^ 
disposed in and atlhe top surtaceOT umlorm base region, and (6 a 
graded base regiST'STthe, second conductivity, type, diapo m the 
unlfi:bSrin-eiclosing bottom and side of 
electrode ^^gion. the graded base region has a doping profile such ha 
35 impurity concentration decreases towards the second main electrode 
region Lm the first main electrode region. Here, the combination of 
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the uniform base region and the graded base region serves as a ba e 
region. Here, "the first conductivity type" and "the second conductmty 
type" are opposite conductivity type each other. That >s, when the first 
conductivity type is n-type. the second conductivity type >s p-type, and 



vice versa. 
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According to the first feature of the present invention, it is possible 
to increase the in^purity concentration in the graded base region of the 
lateral transistor relatively, compared with earlier lateral trans.sto. 
Therefore, a desired high breakdown voltage between emitter and 
coUector (BVceo) can be obtained by making the width of the ^-ded base 
region Wb thinner compared with the earlier 1-*^- V'^"''^'"' / 
lateral transistor is the lateral BJT. As the width of the ^aded base 
b region m can be reduced, the occupied space of the lateral transis or 

fS decreases, so that the on-chip integration degree of the -"-nO-*- 

'P 15 integrated circuit can be increased. I-'ldition to the reduced wid^h f 
'2 the graded base region Wb. an impurity concentration gradually 

% decreasing from the first main electrode region to the second main 

electrode region achieves an optimum buUt-in drift field. Therefore, the 
B ansp rt efficiency of the carriers injected into the graded base region is 

increased, so that reduction of the base transit time may be obtained. 



« 20 mcreaseu, au uixon. 

f. Hence the current gain of the lateral transistor is improved. 



A second feature of the present invention lies in a semiconductor 

25 a semiconductor substratTof" the first conductivity 

type; (b) a first buried region of the second conductivity type disposed on 
Z semiconductor substrate; (c) a uniform base f ^"f 

conductivity type disposed on the first buried region, (d) a first plug 
region of the second conductivity type disposed in the uniform base 

30 region, the first plug region protrudes from a top surface of the uniforrn 
base rLgion so as to reach to the first buried region; (e) first and second 
main electrode regions of the first conductivity type disposed in and at 
the top surface of the uniform base region; and (f) a graded base region of 
the second conductivity type disposed in the uniform base regK,n 

35 enclosing bottom and side of the first main electrode region, the graded 
base region has a doping profile such that impurity concentration 
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decreases towards the second main electrode region from the first mam 
electrode region. Here, the combination of the uniform base regxon and 
graded base region serves as a first base region of the lateral 



the 



transistor. . ^. , 

5 According to the second feature of the present inventron, the base 

width is made narrower compared to the earUer lateral transistor, while 
keeping a higher required breakdown voltage between the 
the emitter can be obtained. Further, according to the second feature it 
is capable of developing the on-chip integration degree of he 
10 semiconductor integrated circuit by decreasing the occupied space for the 
lateral transistor. Further, according to the second feature, the current 
K gain of the integrated lateral transistor can be improved. 

a 

S A third feature of the present invention Ues in a method of 

P 16 fabricating a semiconductor integrated circuit encompassing: (a) 
selectively forming a first diffusion region of the second conductivity type 
■ D on a semiconductor substrate of a first conductivity type; (b) g-wing an 

i;. epitaxial layer of the second conductivity type on the first diffusion 

□ r!gion so as to make the first diffusion region a first buried region, (c 

H 20 selectively diffusing impurity atoms of the second conductivity type so as 
'n to form a first plug region of the second conductivity type, fiom a top 

. P surface of the epitaxial layer such that a bottom of the first plug region 

reaches to the first buried region; (d) selectively diffusing impunty 
atoms of the second conductivity type so as to form a graded base region 
25 of the second conductivity type, from the top surface of the ep.taxia 
layer, a lateral position of the graded base region is separated fi:om the 
lateral position of the first plug region and a vertical 
graded base region is separated from the vertical position of the first 
buried region, the graded base region has a doping profile such that 
30 impurity concentration decreases towards peripheral region from central 
region of the graded base region; (e) forming a first main electrode region 
of the first conductivity type in and at the top surface of the graded base 
region; and (f) forming a the second main electrode region of the first 
conductivity type, so as to sandwich the graded base region between the 
35 first and second main electrode regions, in and at the top surface of the 
epitaxial layer. 



According to the third feature of the present invention, the graded^ 
base region formed before the formation of the first main electrode region 
is Srovg jirmofrdi^y^ntj^ main electrode 

region by the thermal treatment required for forming the first main 
5 electrode region. Therefore, the graded base region is formed adjacently 
to and surrounding the first main electrode region. It is possible to 
form the graded base region and the first main electrode region by the 
diffusion self-alignment (DSA) method using the same diffusion window. 
Accordingly, spreading widths of the graded base region extending 
10 laterally from the edge portions of the first main electrode region are 
equal in both directions and the gradient of the impurity profile can be 
1^ made equal in both directions. When the graded base region is formed 

% in ring shape surrounding the first main electrode region on the plane 

1:2 pattern, width of the rin^like graded base region can be formed 

P 15 uniformly. Therefore, formation of a highly integrated circuit with the 
I lateral transistor by a simple process compared with the earlier method 

i3 of fabricating a semiconductor integrated circuit is possible, so that 

considerable cost down is realized. "The diffusfon window" may be a 
b window provided in the silicon oxide film used for pre-deposition (vapor 

S 20 phase diffusion) or for ion implantation. 

% Other and fiirther objects and features of the present inventfon 

V' will become obvious upon an understanding of the illustrative 

embodiments about to be described in connectfon with the accompanying 
drawings or will be indicated in the appended claims, and various 
25 advantages not referred to herein will occur to one skilled in the art 
upon employing of the present invention in practice. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.lA is a cross sectional view of an earlier semiconductor 
integrated circuit having a lateral pnp transistor. 

Fig.lB is the corresponding plan view of the earlier semiconductor 
integrated circuit having the lateral pnp transistor. 

Fig.2A is an equivalent circuit of a part of the semiconductor 
integrated circuit according to an embodiment of the present invention. 

Fig.2B is a plan view of the semiconductor integrated circuit 
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corresponding to the semiconductor integrated circuit shown m Fig.2A. 

Fig.2C is a cross sectional view taken on line A A in Fig.2B. 

Fig.2Dis a cross sectional view taken on line B-B in Fig.2B. 

Figs.3A-3P illustrate cross sectional views showing the flow of the 
method for fabricating the semiconductor integrated circuit according to 
the embodiment of the present invention. 

Fig.4 illustrates the carrier concentration along the lateral direction 
in the lateral pnp transistor. 
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DETAILED DESCRIPTION OF THE EMBODIMENTS 

Various embodiments of the present invention will be described 
3 with reference to the accompanying drawings. It is to be noted that the 

2 same or similar reference numerals are applied to the same or similar 

P 15 parts and elements throughout the drawings, and the description of the 
'? same or similar parts and elements will be omitted or simplified. 

'.S Generally and as it is conventional in the representation of 

semiconductor integrated circuits, it will be appreciated that the various 
b drawings are not drawn to scale from one figure to another nor inside a 

20 given figure, and in particular that the layer thicknesses are arbitrarily 
!'S drawn for facilitating the reading of the drawings. In the following 

i'^ description specific details are set fourth, such as specific materials. 

process and equipment in order to provide thorough understanding of the 
present invention. It will be apparent, however, to one skilled in the art 
25 that the present invention may be practiced without these specific 
details In other instances, well-known manufacturing materials, 
process and equipment are not set fourth in detail in order not 
unnecessary obscure the present invention. 

Prepositions, such as "on", "over", "under" and "above" are defined 
with respect to a planar surface of the substrate, regardless of the 
orientation the substrate is actually held. A layer is on another layer 
even if there are intervening layers. It being understood the indicator 
"+» in the Figures indicates relatively strong doping and the indicator «-" 
in the Figures indicates relatively weak doping. As it will be 
appreciated, in the above structure, the terms "emitter" and "collector" 
can be exchanged without modifying the structure it self. 



30 



35 



-7- 



10 



(SEMICONDUCTOR INTEGRATED CmCUIT) 

"shown in Figs.2A and 2B, the semiconductor integrated c„cu.t 
according to the embodiment of the present invention .s a power IC^ 
Xre a power transistor constituted of the vertical npn transx tor Q2 
Id a control transistor constituted of the lateral pnp transistor Ql 
controls the power transistor, are merged on a 
V. ...to As shown in Fig.2A, a collector electrode of a lateral pnp 
"r (B.T qT ie connected to a base electrode of a vertical npn 
t an i ^r BJT) Q2. Further, the collector electrode of the lateral pnp 
rans^rr Ql is connected to the power supply line Vcc through a first 
Tad r1. And the collector electrode of vertical "P" — " Q2 
" connected to the power supply line Vcc through a second load Rl.. 

P. Fig 2B shows a plan view corresponding to an equivalent c.r mt 

"P 15 of Fig2A The power transistor Q2 has a large power handling 
i apS with a hLh maximum operating voltage and a high maximum 

i lent Lndling capability. The control ^^J^^^ J^'^l 

relatively low power. Then the power transistor Q2 and the control 
!3 ::rnsistor Ql are monoUthically integrated on the same semiconductor 

1 ^"'Tshown in Figs.2B and 2C, the lateral pnp -ansistor Ql 

li encompassesap-type(firstconductivitytype)semiconductorsu,^t^^^^^ 
a heavily doped n-type (second conductivity type) f ^--^^^ 7';" 
disposed on the semiconductor substrate 1. a hghtly ^oped n type 
25 unffo m base region 31 disposed on the first buried region 22 and on the 
Tmrnductor substrate 1. a heavUy doped n-type first * 
disposed in the uniform base region 31. a heavily doped p type first 
emitter region (first main electrode region) 6 and a heavily doped p.ype 
Zt collector region (second main electrode region) 7 disposed in and at 
30 Ih top urface of the uniform base region 31. an n-type graded base 
region 5 disposed in the uniform base region 31 and a heavily doped 
7Z first base contact region 9 disposed in and at the top surface of 
the first plug region 4. The first plug region 4 ^'^^^ll^^^^Jll^^^ 
surface of the uniform base region 31 so as to reach to the first buried 
35 region 22 The graded base region 5 encloses the bottom and the side of 
re fit main electrode region 6. The combination of the uniform base 
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region 31 and the graded base region 5 serves as a first base region of 
the lateral transistor Ql. 

As the semiconductor substrate 1, silicon (SO substrate can be 
employed. An element isolation region 49, configured to isolate the 
5 lateral pnp transistor Ql from other semiconductor elements surrounds 
the lateral pnp transistor Ql. The element isolation regxon 49 is 
constituted by a trench-surface insulating film 92 covering the surface of 
an element isolation trench formed so as to reach the semiconductor 
substrate 1 and a buried insulating film 91 formed thereon. 
10 On the top surface of the lateral pnp transistor Ql a fie d 

insulating film 86 is formed. Through contact holes formed in he field 
i- insulating film 86, a first emitter wiring 11, a connecting wiring 12 and a 

9 first base wiring 14 are connected to the first emitter region 6, the first 

ii collector region 7 and the first contact region 9. respectively. The 

I 15 connecting wiring 12 serves as a first collector wiring and 
I second base contact region of the vertical npn transistor Q2. The first 

■B emitter wiring 11, the connecting wiring 12 and the first base wiring 14 

are made by aluminum alloy film. As the aluminum alloy film, for 
O example, Al-Si or Al Cu-Si film can be employed. 

!y 20 As shown in Fig.2D. the vertical npn transistor Q2 encompasses the 

is p-type semiconductor substrate 1. a heavily doped n-type second buried 

region (serving as a part of a third main electrode region) 23 disposed on 
the p-type semiconductor substrate 1. a lightly doped n-type drift region 
32 disposed on the second buried region 23 and on the semiconductor 
substrate 1, a heavily doped n type second plug region 43 formed to 
reach the second buried region 23, a p-type second base region 35 
disposed in and at the top surface of the drift region 32. a heavily doped 
„-type second emitter region (fourth main electrode region) 36 and a 
heavily doped p-type second base contact region 39 formed in and at the 
top surface of the second base region 35, and a heavUy doped n type 
second collector contact region 44 formed in and at the top surface of the 
second plug region 43. The vertical npn transistor Q2 is surrounded by 
the element isolation region 49, composed of the trench-surface 
insulating film 92 and th^uried insulating film 91 formed thereon. 
35 simUarly to the lateral pnp transistor Ql. Then the element isolation 
region 49 is disposed between the uniform base region 31 and the drift 
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w.nng 41 are connected to the second emitter region 36^ ^ ".pe etive.y. 
^ contact region 39 and the second coUector contact region 44, respective y 
5 contact region extended from the first coUector region 7 of 

The connecting Wtting 12 is extenaea irum 

. . ni The second emitter wiring 4^, me 

tViP lateral pnp transistor Ql. Ine seconu cm 

m 20 5 gradually decreases from 5X10 cm to i i x lOi^ cm'^ 

i;3 direction The minimum impurity concentration of 1 X 10 

semiconductor integrated circuit can be raised, i^ur , 
gradually decreased from the first emitter region 6 to the first 
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region 7 provides an optimum built-in drift field, which can promote the 
carrier transport in the base region. Hence, an increase of the transport 
efficiency of the carriers injected into the first base region 3 and a 
reduction of the base transit time can be obtained, resulting m a 
development of the current gain. 

(FABRICATION METHOD) 

Next a method of fabricating a semiconductor integrated circuit 
according to the embodiment of the present invention will be described 
referring to from Fig.3 to Fig.7. 

(a) First, a semiconductor substrate 1 made of p-type silicon 
is prepared as shown in Fig.SA. and a siUcon oxide film 81 of 300 to 600 
nm in thickness is formed on the main . 
oxidation as shown in Fig.SB. Thereafter, the siUcon oxide fito 81 
delineated by lithography technology and then a diffusion window is 
opened to form first and second n-type buried regions as shown in Fig^C. 
Using the silicon oxide film 81 as a mask for ion i^"""' ""^'X; 
impurity ions (for example, *) are implanted. After that, by 
activation annealing an n^ diffusion region 21 for the 6-^=* ^^^^ 3^ 
is formed as shown in Fig.SD. Simultaneously, by the activation 
annealing, an n^ diffusion region for the second buried region .s formed^ 
Here, the second buried region is not shown in Fig.SD, because it is 
located at the back of the plane of the paper. 

(b) Next, removing the silicon oxide film 81. a relatively high 
resistivity n-type epitaxial layer 34 is grown on the n* diffusion layer 21 
Tthickness of 6 to 50.m as shown in Fig.SE. The resistivity of the 
n-type epitaxial layer 34 may be from IkQ -cm to IkQ -cm. for example^ 
Thrfirst buried region 22 is formed at an interface between the 
relatively high resistivity epitaxial layer 34 and the -mi^nduotor 
substrate 1. The first buried region 22 protrudes upwards by the 
auto-doping and the upward diffusion of the »-*yP«^™»>"f ^. 'V b l 
diffusion layer 21 during the epitaxial growth. The relatively high 
resistivity epitaxial layer 34 above the first buried region 22 se^es a 
the uniform base region 31 of the lateral pnp transistor Ql. On the 
; other hand, at the back of the page, the second buried region is aUo 
formed at an interface between the relatively high resistivity epitaxial 



-11- 



layer 34 and the semiconductor substrate 1. '^^^''^^'^'''^'f. 
resistivity epitaxial layer 34 formed on the second buned regaon 23 
serves as the drift region 32 of the vertical npn transistor Q2 

(e) Next, a siUcon oxide film 82 from 500 nm to IMm m 
6 thickness is formed on the top surface of the relatively high resistivity 
epitaxial layer 34 (31, 32) by thermal oxidation. The sihcon oxide film 
82 IS selectively etched by etching method such as the reactive ion 
etching (RIE) method using resist film delineated by lithography process 
as an etching mask. After removing the resist film, an etching mask 
10 mad^ of the silicon oxide film 82, having windows for formation of 
trenches for element isolation, is formed as shown in F.«-3F Us^g tU^ 
etching mask 82, element isolation trenches. Tl aire dug by the RIE 
m t^d or another method until a part of the semiconductor substra^ 1 
Texposed. The element isolation trench 71 is dug from the top surface 
,0 15 of he relatively high resistivity epitaxial layer 34 towar s h 
I semiconductor substrate, surrounding each of the uniform base regmn^ 

31 and the drift regions 32. Next, after removing the silicon oxide film 
U 82, the trench-surface insulating film 92 is formed by the«nal^ 

S ox dizing the surface of the element isolation trench 71 by lOOnm to 

i s 20 SOOnm. Further, insulating film 91 such as a semi-insu a ing 
S S ly silicon (SIPOS) film is deposited on the trench-surface insulating 

film 92 by CVD method so as to bury the element isolation trench 71 
with the buried insulating film 91 as shown in Fig.3G. 

(d) Next, the trench-surface insulating film 92 and the 
25 buried insulating film 91 are perfectly embedded ^^^^^^^^^^^ 
isolation trench 71 by planarization until 

high resistivity epitaxial layer 34 is exposed and thus the element 
^oLon region is completed as shown in Fig^H The plan^^^on 
process may be executed by the chemical mechanical P« ™ 
method. Thereafter, a silicon oxide film 86, which serves as the field 
Tele film, is newly formed to a thickness of about 300nm to 6 0nm on 
the top surface of the relatively high resistivity epitaxial layer 34 
(uniform base region 31) as shown in Fig.3I. And the silicon oxide film 
86 is delineated by photolithography technology and RIE method so as to 
define diffusion windows corresponding to first and second plug region. 
Through this diffusion windows n-type impurity ions are implanted and 
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thereafter activation annealing and drive-in annealing are done in an 

i'^ -J Rfi is etched by RIE method or another metnott using 

i r5":.r :"ng and t... the ^-ce ofthe relatW^V lu. 

% resistivit. --.ana.er 3.^^^^^^^^^^^ 3« re ^^^^ 

.0 15 n-type impunty ions such as ^ implantation mask as 

I resist film 61 and the sihcon oxide film 86 

^ • qiC After removing the resist film 51, a new res 

'3 The area scheduled to serve as the second base region 

lalk o the plane of the paper, so that it is not shown m th^ figa«^ 
utg this resist film as the ^^^^^^^^^^ 

25 ions such as are seiectiv« y ^ removing the 

•J fii^ ftR as the implantation mask. Alter removiug 
silicon oxide film 86 as tne imp 

resist film, the activation anneaUng of implanted J -J 
simultaneously done in an inert J^^t^^ ^ : the area 

hase region 6 is formed as ^^'^^'^ ^ZS't^e^^e^ooJ^^^^^ -gion 

;:r:rer::trtrar^^^^^^^ 

^...IseandW—^^ 
35 first emitter region, the first collector reg Fig.SM, 
region by the photolithography technology as shown in » g 
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respectively. The scheduled region for the second base contact repon .s 
not hown in the fignre, as it is located at the back o the plane of^he 
paper Further, the silicon oxide film 86 is selectively etched by RIE 
Lethod or another method, using the resist film 52 as an etching mask 
5 : as to expose a part of the surface of the relatively ^gh re- 
epitaxial layer 34. The p type impurity ions (for example. B ) are 
sCively Lplanted using the resist film 52 having ..ndows as the 
implantation mask as shown in Fig.3M. 

(g) Next, removing the resist film 62 a new resist film is 
10 spin-coated over the entire surface. Using this new ^'^^ 
upper portions of a first emitter region 6. a first collector region 7 and a 
Znd bLe contact region 39 are covered. Then the ^^^^^^^^^ 

0 are opened in the scheduled areas for the formations of a first base 
'2 "Lact region a second emitter region and a second coUector contact 
S 15 rS:: TL scheduled second emitter and the second coUec^n^ 

1 are not shown in the figure, as those are located at the back of the page^ 
'° The window of the first base contact region is positioned at a back of he 
U J^JL of the fir.t plug region 4. The n-type impurity ions (fo 
9. example "As') are selectively implanted. Thereafter, removing the 
% 20 ^^film, an activation anneaUng is done in the inert gas ambient^ A 

a IZ result, the first emitter region 6, the first coUector -P- ' 

f^st base contact region 9 are formed as shown in Fig.SN. At the same 
thU activation annealing also forms the second base contact region. 
tlT^econd emitter region 36 and the second coUector contact region 4 ^ 
25 At this time, the graded base region 5 previously drove-in is more deeply 
Ive-in than the edge of the first emitter region 6. As the result the 
graded base region 5 is formed surrounding the first emitter region 6^ 
That is the graded base region 5 and the first emitter region 6 are 
Irmed self-aUgned by the DSA method using the — ""^^ 

30 Then the spreading widths of the graded base region .-tending fi^om 
the edges of the first emitter region in Fig.SN are equal in right and left 
c^ecSns. The gradients of the impurity profile in both direc^ons ar 
also equal In the oppositely faced two directions perpendicular to the 
plL 'of the paper, the spreading widths of the graded ba. region 5 a 
35 also equal. Further, according to the embodiment of the present 
TnventL, the diffusion depth is controlled so that the edge portion of the 
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graded base region reaches the edge portion of the first collector region 7 
by lateral diffusion. However, the graded base region 5 is not necessary 
to reach the first collector region?. 

(h) According to the activation annealing in an inert gas 
ambient at the formation of the first emitter region 6, the first collector 
region 7 the first base contact region 9, the second base contact region 
39 the second emitter region 36. the second collector contact region 44 or 
another region, the respective diffusion windows used for the ion 
implantation can be employed as they are. as the contact windows for the 
metallization. That is. at the activation annealing for forming these 
regions 6 7. 9. 39. 36 and 44. siUcon oxide film is not grown on the top 
* surface of the relatively high resistivity epitaxial layer 34 exposed on the 

3 diffusion window If a thin silicon oxide film is grown in the diffusion 

S window when the annealing atmosphere contains a trace of oxygen, it 

1 15 can be removed by slight etching. An aluminum ^Uov ^ » 
:i deposited by the sputtering method or the electron beam (EB) vacuum 

■° evaporation method on the siUcon oxide film 86 as shown in Fig.SO^ 

The resist film is spin-coated thereon and deUneated to form the mask 
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a for metallization. Using this metalUzation mask, the aluminum aUoy 

% 20 film 10 is selectively etched by RIE method. As the result, he 
Q aluminum alloy 10 is delineated as shown in Fig.3P and thus the 

connecting wiring 12. the first emitter wiringll. the first base wiring 14. 
the second emitter wiring 42 and the second collector wiring 41 axe 
formed. Thereafter, the photoresist film used for patterning of the 
26 electrode wiring is removed. Passivation films of about 600 nm to 1.5 
M m thick for the purposes of mechanical damage protection and 
prevention of entrance of moisture and impurity are laminated on the 
first emitter wiring 11. the first base wiring 14. the connecting wirmg 12. 
the second emitter wiring 42 and the second wiring 41 by CVB method. 
30 though not shown in the figure. For the passivation films, silicon oxide 
film phosphosilicate glass (PSG) film, boro-phosphate-sihcate glass 
(BPSG) film, silicon nitride film (SiaN4 film) or their complex film and 
further polyimide film are used. 

In the method of fabricating a semiconductor integrated circuit 
35 according to the embodiment of the present invention, the graded base 
region 6 formed previously is drove-in more deeply than the first emitter 
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region 6, so that encloses the adjacent first emitter region 6. 
Traded base region 5 and the first emitter region 6 are formed 
«ed the DSA method using the same diffusion ^^^TZ 
result the spreading width of the graded base region firom the edge 
5 of th! first emitter region 6 and also the gradient of the doping 

profile are equal in the right and the left directions^ Therefore, 
formation of a highly packed integrated circuit with BJT is possible, 
achieving a considerable cost down. 

in OTHER EMBODIMENTS , .„ , ■ 

Various modifications will become possible for those skilled in 
*5 the art after receiving the teaching of the present disclosure without 

h Hpoartine from the scope thereof. r- * 

S " For example, although it has been described that the firs 

f. isolation (DI) structure composed of the trench -^-^ 

% 20 and the buried insulation film 91. it may be a junction isolatl<« 
(3 Xucture The present invention is applicable to not only power IC but 

To Z. integrated circuit for small signal. The element isolation 
g on an be omitted corresponding to the circuit -Pol"^ -h as an 
integrated injection logic (IIL) circuit, further, corresponding to he 
25 circuit configuration for integration, the first buried3gioja2.'"«i 'he 
Tend buried regionJS may be formed either in common or separa,.ly 
on the same semic^iS^tor substrate 1. The first plug region 4 and he 
second plug region 43 are formed either in common or separately on the 
am semicoLuctor substrate. Further, the . ^"-----^ 
30 embodiment has been described in the case -^J^^*^^ 

however. siUcon carbide (SiC). gallium arsenide (GaAs). indium 
Jhlsphide (InP) or another semiconductor material can of course be 

Thus, the present invention of course includes various 
35 embodiments and modifications and the like which ™ 
above Therefore, the scope of the present invention will be defined in 
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the following claims. 
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